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ABSTRACT
This project was aimed at reducing ad recycling plastic waste and rice husk from our
environment thereby reducing environmental pollution resulting from the management/disposal
of these waste materials. In this research, some physical properties of composite ceiling board
materials made from plastic waste and rice husk, as developed at the Civil Engineering
Laboratory of the MUKASA Timothy, were investigated to determine their suitability for use in
low-cost construction work. The results obtained showed that the flexural strength ranged
between 0.3N/mm2 and 3.6N/mm2, water absorption values of between 5.6% and 5.89%; thermal
conductivity values of between 0.07kW/MK and 0.082kW/MK as well as density values of
690kg/m3 and 900kg/m3 These values obtained were compared with those of the conventional
ceiling boards and it was observed that these composite materials can be used for internal
lowcost construction work. It is highly recommended that small and medium enterprises be
encouraged to venture into waste recycling and the production of this composite ceiling materials
to create jobs for skilled and unskilled labour that are locally available.
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CHAPTER 1: INTRODUCTION

1.1. BACKGROUND
Total Solid Waste is everything that people throw away each day. Total Solid Wastes come
from Agriculture, Mining, industries, and Municipal solid waste. Municipal solid waste
contains all kinds of garbage including papers, yard waste, furniture and anything that can
be thrown from business, homes, social and government institutions such as schools,
hospitals, markets, etc. Sustainable waste management is currently a serious problem not
only to developing countries but also developed ones. Generally, plastics are the most
useful materials in the 21st century because they are available in wide range of varieties,
they are easy to manufacture, easy to form into even complex shapes and economically
plastics are far cheaper than other kinds of materials. Plastics are found in almost all places
where people use to live, some are packages, clothes and the liquids, all manufactured for
their particular uses. Indeed, they have become a vital asset for humanity, through
extensive research and new technologies have led to invent of newer and safer plastics, but
drawbacks and challenges of plastics have never been resolved and impact is on the rise
[1].
Currently in Uganda the unlimited uses of the plastics are associated with the potential
problems, primarily many kinds of plastics are non-biodegradable. KITEZI dumpsite in
Kampala district for example, receives about 800 tons of unsorted wastes of which 6% is
plastic wastes amounting 48 tons per day this implies that estimated 17520 tons are dumped
at site per year [2]. When plastics are disposed of in uncontrolled manner in water bodies,
they are decomposed into harmful chemicals which is hormone disrupter and causes
cancers [3].
It is one of the major toxic pollutants of present time being consisted by decomposed
plastic particulates which create toxic chemicals, since animals consume plastic
particulates that results into diseases of living organisms. Also when plastics are burned
they release toxic gases such Carbon dioxide and chlorides that cause depletion of ozone
layer that lead to global warming. Furthermore, they are non-biodegradable and there is
no safe way to dispose plastic waste. There is a number of techniques of plastic
recycling. The first method is primary recycling which is the most popular process due
1

to its simplicity and low cost where this method is represented by the reuse of product in their
original structure and the limited number of cycles is its disadvantage.
The second method is mechanical recycling, in this process, only the thermoplastic
polymers can be used, because they can be re‐melted and reprocessed into end products
and it is represented by the existence of a limit on the number of cycles for each
material. The third is Chemical recycling is a process in which polymers are chemically
converted to monomers or partially depolymerized to oligomers through a chemical
reaction. The last but not the least is energy recovery; this method refers to the recovery
of the plastic’s energy content [polymer et 2017]. The use of shred plastics into ceiling
boards manufacturing may be the effective recycling method because it can recycle
almost all type of plastics. Based on problems caused by plastics mentioned above,
protection of the environment is the main motivation of this project.
This project aimed to reduce the waste of plastics dumped in environment mainly in
rivers and compost landfill and the emphasize was on the analysis of different forms of
plastics and their transformations, design and construction of ceiling board prototype
from shred plastics and gypsum as binder. The prototype will be tested for its physical
and mechanical properties and compared their results with other existing plastic ceiling
and ceiling board.
1.2. PROBLEM STATEMENT

When the plastics are disposed on the ground they ban water from infiltrating into the soil
properly. In addition, they inhibit the decomposition of other wastes hence reduce fertility
of the soil thereby leading to low agricultural productivity. In case of plastics burning, the
fumes are emitted into the atmosphere which is also the hormone disrupter and also
contribute to global warming. Besides those problems caused by improper plastics
disposal, currently the available solutions include plastics recycling through either
reshaping or becoming raw materials for other products and finding alternative ways of
packaging but these solutions do not resolve the entire problem of dumped plastics
especially in Uganda, where recycling companies are not capable to recycle all kinds of
plastics, only 40% is recycled, thus plastics are still dumped in the environment [5]
2

1.3. OBJECTIVES
1.3.1. General objective
The main objective of this project was to develop plastic waste composite ceiling board
1.3.2. Specific objectives
The specific objectives of these project were:

 To determine the properties of materials to use as ceiling materials.
 To design and prototype the composite ceiling boards.
 To determine the physical and mechanical properties of the prototype of the selected type of
ceiling board for the sake of improving both aquatic and human health.

1.4 JUSTIFICATION OF THE PROJECT
This project was conducted locally with not only the aim of addressing the problem of
improper plastic waste disposal through recycling but also with aim of helping next
researchers who will be doing research in different areas with similar content either
nationally or internationally. This will also contribute to the Ugandan government
objectives of banning single use plastics [6]. In addition, it will reduce the waste of
plastics dumped in environment mainly in rivers and compost landfill. Where instead of
dumping them in the environment, they will be used as raw materials for appropriate
recycling technique. Furthermore, all kinds of plastics can properly be reused together,
since there is no change of materials (chemical) properties, only cleaning will be
required, reduction of cost of ceiling while maintaining adequate strength. Unlimited
ceiling colour change can be achieved when compared to plastic ceilings is an added
advantage.

1.5 SCOPE AND LIMITATION OF THIS PROJECT

3

Plastic recycling is a wide field, it involves different techniques and processes of some which are
complex. This project was mainly emphasizing on the development of ceiling board from plastics
waste, by combining different materials and plastics, after making the composite. It was tested
for its physical, mechanical properties and compared the results with the existing ceiling
materials that are both plastic-based ceiling boards
Chapter 2. LITTERATURE REVIEW
2.1 INTRODUCTION
Total Solid Waste is everything that people throw away each day. Total Solid Wastes
come from Agriculture, Mining, industries, and Municipal solid waste. Municipal solid
waste contains all kinds of garbage including papers, yard waste, furniture and anything
that can be thrown from business, homes, social and government institutions such as
schools, hospitals, markets, etc. Sustainable waste management is currently a serious
problem not only to developing countries but also developed ones.
2.2 TYPES OF PLASTICS
Plastics are synthetic materials made from wide range of organic polymers such as
polyethylene, PVC (polyvinyl chloride), nylon, etc. that can be molded into shape while
soft, and then set into a rigid or slightly elastic form. The general structure of plastics is a
group of hydrocarbons (Carbon and Hydrogen), Plastics structure are made by the process
called polymerization that is joining together many small molecules known as monomers.
For example Polyethylene (C2H4) n is formed from monomer called ethylene (CH2=CH2).
Polyvinylchloride (CH2=CHCl)

n

is formed from monomer called Vinyl chloride

(CH2=CHCl) [12].
Plastics can be broadly classified into two major groups on the basis of their chemical structure i.e.
thermoplastics and thermosetting plastics.
2.2.1 Thermoplastics
The material that softens when heated above the glass transition temperature or melting
temperature and becomes hard after cooling is called thermoplastics. Thermoplastics can
be reversibly melted by heating and solidified by cooling in limited number of cycles
4

without affecting the mechanical properties and more than 80 per cent of plastics are
thermoplastics. When the temperature of a thermoplastic is increased, molecular motion
increases and this causes a decrease in decrease in secondary bonding forces so that it is
easier for polymer chains to move relative to one another. Thermoplastic material are made
of polymers that have high molecular weights resulting in degree polymerization.
Their polymers are also linked by weak intermolecular forces and strong intramolecular forces,
forming linear or branched structures [12].
Examples of thermoplastics and their applications
 High density polyethylene (HDPE): used for bottles for detergents, food products, pipes
and toys.
 Low density polyethylene (LDPE): for products such as cling-film, bin liners and flexible
containers.
 Polyethylene Terephthalate (PET): used in bottles, carpets and food packaging.
 Polypropylene (PP): used in yoghurt and margarine pots, automotive parts, fibers, milk
crates.
 Polyvinylchloride (PVC): is made from oil and salt and is used for window frames,
flooring, pipes, wallpaper, bottles, and medical products.
2.2.2 Thermosets
The property of material becoming permanently hard and rigid after cooling when heated
above the melting temperature is called thermosets. The solidification process of plastics
is known as curing. The transformation from the liquid state to the solid state is irreversible
process, further heating of thermosets results only in the chemical decomposition. It means
that the thermosets can’t be recycled. During curing, the small molecules are chemically
linked together to form complex inter-connected network structures. This cross-linking
prevents the slippage of individual chains. Therefore, the mechanical properties (tensile
strength, compressive strength, and hardness) are not temperature dependent, as compared
to thermoplastics. Hence, thermosets are generally stronger than the thermoplastics and
comprise 20 per cent of all plastics. Thermosetting plastics are made by polymers joined
together by chemical bonds and strong intermolecular forces, polymer chain are joined
5

together by cross- links, so they cannot slide past each other easily and they results in crosslinked structure [12].
Examples of thermosets and their applications
 Polyurethane (PU): used in coatings, finishes, mattresses and vehicle seating.
 Epoxy: adhesives, boats, sporting equipment, electrical and automotive components.
 Phenolic: used in ovens, toasters, automotive parts and circuit boards.
Thermosets are commonly used for high temperature applications. Some of the common
products are electrical equipment, motor brush holders, printed circuit boards, circuit
breakers, encapsulation, kitchen utensils, handles and knobs, and spectacle lenses.
2.3 EFFECT OF PLASTICS DISPOSAL
Today, plastics are accumulated in compost dumps and landfills and are ruining the world’s
surroundings in great quantity and they have different impacts on the environment such as
human being, soil, air and other living things.
Effect of plastics on human health
Plastics and their additives are not only around us but also, they are virtually inside in every
one of us. They are present in our blood and urine swallowed with the food we eat, the
water we drink and from other sources. Two broad classes of plastic-related chemicals are
of critical concern for human health BisPhenol-A or BPA, and additives used in the
synthesis of plastics, which are known as phthalates. BPA is a basic building block of
polycarbonate plastics, such as those used for bottled water, food packaging and other
items. While it has been considered benign in the form of a heavily cross-linked polymer,
its bonds can break down over time, when plastics are repeatedly washed, exposed to heat
or other stresses, liberating the building blocks of the chemical, which are toxic. Many of
these potentially toxic components also can leach out over time. Among the most common
is a chemical known as di-ethyl hexyl phthalate or DEHP. In some products, notably
medical devices including IV bags or tubing, additives like DEHP. If you are in a hospital,
hooked up to an IV drip,” The chemical that release out goes directly into your
bloodstream, with no opportunity for detoxification in the gut. This can lead to unhealthy
exposure levels [13].
6

Plastic never goes away.
Plastic is a material made to last forever, yet 33 percent of all plastic - water bottles, bags
and straws - are used just once and thrown away. Plastics cannot be biodegrading; it breaks
down into smaller and smaller pieces. Disposed plastic materials can remain in the
environment for up to 2,000 years and longer [14].
Plastics spoils our ground water
There are thousands of landfills buried under each one of them, toxic chemicals from
plastics drain out and soak into ground water, flowing downstream into lakes and rivers.
There are long-term risks of contamination of soils and groundwater by some additives and
breakdown by-products in plastics, which can become persistent organic pollutants [15].
Plastic attracts other pollutants.
Chemicals in plastic which give them their rigidity or flexibility (flame retardants,
BisPhenols, Phthalates and other harmful chemicals) are oily poisons that repel water and
stick to petroleum-based objects like plastic fragments. So, the toxic chemicals that leach
out of plastics can accumulate on other plastics. This is a serious concern with increasing
amounts of plastic fragments accumulating in the world's oceans. Fish, exposed to a
mixture of polyethylene with chemical pollutants absorbed from the marine environment,
bio-accumulate these chemical pollutants and suffer liver toxicity and pathology [16].
2.4 TECHNIQUES OF PLASTICS RECYCLING
2.4.1 Primary Recycling
The most popular process is represented by the primary recycling due to their simplicity
and low cost. This process refers to the reuse of products in their original structure. The
disadvantage of this process is represented by the existence of a limit on the number of
cycles for each material. For example, the use water oils jerricans as beer container will
increase the stresses of in the jerricans and thus causing it to undergo permanent
deformation (expansion) and further can lead to bursting of them [17].
2.4.2 Secondary Recycling or Mechanical Recycling
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In this process, only the thermoplastic polymers can be used, because they can be remelted
and reprocessed into end products. The mechanical recycling does not involve the
alteration of the polymer during the process. This process is represented by a physical
method, in which the plastic wastes will be formed by cutting, shredding or washing into
granulates, flakes or pellets of appropriate quality for manufacturing, and then melted to
make the new product by extrusion. Also, the reprocessed material can be blended with
virgin material to obtain superior results [17].
The disadvantages of this method refer to the heterogeneity of the solid waste and the
deterioration of product’s properties in each cycle which occurs due to the low molecular
weight of the recycled resin. Also, this method is relatively inexpensive but needs
substantial initial investment [17].
2.4.3 Feedstock or Chemical Recycling
This process can be used with mechanical recycling as a complementation. Chemical
recycling is defined as the process in which polymers are chemically converted to
monomers or partially depolymerized to oligomers through a chemical reaction (a change
occurs to the chemical structure of the polymer). For example, chemical recycling of PET
can completely depolymerize it into its monomers Terephthalic acid (TPA), Dimethyl
Terephthalate (DMT), Bis (hydroxyl ethylene), Terephthalate (BHET), and Ethylene
Glycol (EG). In this case, depolymerization is the reverse reaction of the polymer
formation route.
PET can also be partially depolymerized to oligomers or other chemical substances. There
are different depolymerization routes such as methanolysis, glycolysis, hydrolysis,
ammonolysis, aminolysis, and hydrogenation, depending on the chemical agent used for
the PET chain scission [18].
The resulted monomers can be used for new polymerizations to reproduce the original or
a related polymeric product. This method is able to transform the plastic material into
smaller molecules, suitable for use as feedstock material starting with monomers,
oligomers, or mixtures of other hydrocarbon compounds. The main drawback of this
process is that chemically recycled polymers are more expensive than the virgin material
because of the raw material cost, capital investment, and scale of operation [18].
8

2.4.4 Energy Recovery or Quaternary Recycling
This method refers to the recovery of the plastic’s energy content. The most effective way
to reduce the volume of organic materials which involves the recovery of energy is
represented by incineration [17]. Basically, waste incineration is the oxidation of the
combustible materials contained in the waste. Waste is generally a highly heterogeneous
material, consisting essentially of organic substances, minerals, metals and water. During
incineration, flue-gases are created that will contain the majority of the available fuel
energy as heat. The organic substances in the waste will burn when they have reached the
necessary ignition temperature and come into contact with oxygen.
The actual combustion process takes place in the gas phase in fractions of seconds and
simultaneously releases energy [19].
This method is a good solution because it generates considerable energy from polymers,
but it is not ecologically acceptable because of the health risk from airborne toxic
substances, for example, dioxins (in the case of heavy metals, chlorine-containing
polymers, toxic carbon, and oxygen-based free radicals). However, this problem can be
controlled with the use of Plasma for thermal processing of organic materials may
contribute to solving a serious problem concerning utilization of waste that is

9

bacteriologically or chemically contaminated [19]. Table 1 shows the advantages and
challenges faced when different techniques are used.
Table 1: advantages and challenges of recycling techniques
Techniques

Advantages

Challenges

Primary recycling

Simplicity and low cost.

limit on the number of
cycles for each material

Mechanical recycling

Cost-effective, efficiency,
well-known

Deterioration of product’s
properties, pre-treatment

Chemical recycling

Operational for

Mainly limited to
condensation of polymers

Polyethylene Terephthalate
simple technology
Energy recovery

Generates considerable
energy from polymers

Necessity for considerable
pollution control, the
difficulty of burning
plastics, and their chemical
composition suggest that
some type of recycling is
more valuable.

2.5 CHALLENGES OF PLASTIC RECYCLING

Plastic is one of the most significant constituents of waste. There are an incredible number
of varieties of plastic used in products. Unlike metals, many of which can be heated and
melted down together during recycling, waste plastics melt at different temperatures and
would contaminate one another if combined. Plastic is one of the most difficult waste
components to recycle because most types of plastic look the same, are generally hard to
distinguish from one another with the human eye and hand.
There are also many other reasons why it is hard to recycle [20].

10



There are many plastic polymers in electronics. Since plastic polymers have low
value, it is not economically viable to use a lot of labor for sorting.



Polymer sorting requires machinery to be viable but it is expensive and difficult
for machines to sort polymers.



It takes a lot of resources to transform recycled polymers into a usable product.



Much of the older plastics were created using brominated flame retardants, which
have been recognized as damaging to health. These plastics can’t be recycled into
new plastics because of the health hazard.
2.6 SHREDDING OF PLASTICS

Waste plastic shredder is a machine that reduces used plastics into smaller particle sizes to
enhance its portability, easiness and readiness for use into new products.
For the machine to be able to shred plastic waste it must be composed of the four main
components: The feeding unit for feeding mechanism, the shredding unit for cutting
plastics into small particles, the power unit for supplying energy or power required for the
operation and the machine frame as structure subsystem to protect other components of the
machine from chocks, under and over temperature, etc. Choosing plastic waste shredding
machine there must be necessary considerations that must be cared about; those include
safety, power requirement, and compactness, ease of operations and overall cost of
production [21].
2.7 PLASTIC CEILING PANALS
Plastic ceiling panels have proved to be extremely useful for ceiling installations. Although
plastic is a more recent material for ceiling usage, a good ceiling is a vital factor in
achieving the desired indoor decorations and add value of a home. However, there are still
challenges in using plastic ceiling panels.

11

CHAPTER 3. METHODOLOGY
Methodology is a system of ways of doing research or the process used to collect
information and data in the research for the purpose of drawing decisions. They are mainly
classified into two main categories namely: literature review research and field research.
This chapter shows clearly how the project was carried out based on the nature of the
designed prototype, methods and processes that were used to achieve the stated objectives.
It also includes the prototype design considerations, materials selection and experimental
design.
3.1 LITERATURE REVIEW
This is reviewing previous research findings in the similar field (Plastics production, uses
and recycling, rice husks production of rice husks and its applications) to gain a broad
understanding of the field. This includes reading and analyzing different literatures such
as books, journals articles, websites, etc.
3.2 FIELD RESEARCH
This section, deals with observation of the potential site to collect both quantitative and
qualitative data, analysis of the data and make an experimental design based on the
findings. It also deals with material collection, instrumentation and preparation of samples
for the plastic rice husks binded ceilings.

3.2.1 Design consideration
The design of Plastic-rice husks binded ceiling board was carried out by taking into account the
following considerations.
 The simplicity of plastic recycling.
 The safety of the environment.
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 Availability of raw materials.
 Easy of manufacturing.
3.2.2. Material selection
The material selection was done based on the aim of this project which was plastic
recycling, material properties (i.e. chemical such as adhesive properties and mechanical
properties), and low cost of raw material and availability of raw materials.
3.2.3. Experimental design
This phase include design of plastic-rice husks binded ceiling board, construction, and testing of
prototype of 200×90×11.9 mm.
1. Collection of raw material to be used
2. Preparation of raw materials (stages outlined)
3. Procedures
4. Setting up testing apparatus
1. Collection of raw materials
All the waste material were first collected from different parts of Uganda , that is rice
husks were collected from Iganga district , plastic waste ( used as the binder ) from
Kampala city since they were readily available , cheap and easy to transport to Makerere
University
Raw materials used in this research are:

13

 Plastic wastes,
 Rice husks
 Shredding machine
 Timbers (plywood)
 Plastic bag
 Wood Marine Adhesive
 Jig saw
 Micrometer Screw Gauge
 Electric beam balance
 Fire wood
 sauce pan
 Mixing stick
 Oven
 UTM
 Weighing scale
 TGA
2. Preparation of raw materials
a. Sorting Municipal Solid Wastes (MSW)
b. Cleaning
c. Drying
14

d. Shredding
Preparing the ceiling board samples
The rice husks was first sun dried to remove the moisture content and it was continuously crushed
to form fine powder , medium size and the large length of the rice husks which when combined with
the melted plastics would easily form a nice stucco for making ceiling boards.

Figure 7: sieving rice husks
The different rice husks percentages were mixed with differing melted plastic binder percentages so
that a required combination of the composite plastic ceiling board is obtained and these were well
mixed. The combination of plastics –rice husks poured in the rectangular mold of length of 9cm, a
height of 20cm and a thickness of 1.19cm. these were compressed in the mold using mixer to take
up the shape of the mold. The developed ceiling board were removed from the mold. e. Melting
the plastics

15

Figure 8: melting PET
f. Mold fabrication
 Cut two pieces of timbers on the appropriate sizes that are 200×32.5×11.9 mm which
acted as support and side surface of the mold.
 Cut two pieces of timbers on the appropriate sizes that are 155×32.5×11.9 mm which
acted as support and upper surface of the mold.
 Joining together all pieces to form a rectangular shape of the mold using wood glue
(adhesive) as shown on Figure 9. A
 Finishing of the assembly

16

Figure 9: (A) rectangular mold

(B) Stucco,

(C) Shred plastics

3. Procedures for plastic –rice husks ceiling board.
Fifteen samples with different plastics and rice husks compositions were constructed and tested in
laboratory. Noting that steps from Step 3 to 6 are common to all samples.
75% Plastics-25 %rice husks sample
Step 1. Put 172.5 grams of shred plastics into the pan container and let it melt well as shown on figure
1.C.
Step 2. Add 57.5 grams of rice husks in the same container.
Step 3. Stir until the stucco is formed as shown on figure 9.B.
Step 4. Properly, pure the stucco into the mold.

Step 5. Finally, apply surface finish using a smooth rod.
Step 6. Let the mixture settle for 2 hours.
Table 2: Experimental design

17

Factor 1 Factor 2 Factor 3

A:Rice
Run
/Sample husks
length
Mm

Mass Tensile Flexural TGA
strength
density strength

B:Rice C: plastic
husks loading
loading
%

3

%

MPa

MPa

Kg/mm
B1

2.36

B2

2.36

25

75
10
9
0

B3

2.36

27.5

72.5

B4

2.36

22.5

77.5

B5

2.36

20

80

B6

1.18

27.5

72.5

B7

1.18

20

80

B8

1.18

22.5

77.5

B9

1.18

30

70

B10

1.18

25

75

B11

1.18

15

B12

0.3

15

B13

0.3

17.5

B14

0.3

20

85
85
82.5
80

4. Determination of properties of the developed ceiling boards
To determine the physical and physical properties of the developed ceiling board, an ELTRA
Thermostep non-isothermal thermos gravimetric analyzer (TGA) was used, this was used to
determine the moisture content and volatiles in the ceiling boards.
The sample ceiling boards that underwent tests in TGA were marked and fed into crucibles in their
positions and the physical properties tested were highlighted on the monitor, the gases that is
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oxygen and nitrogen were also supplied to the TGA and the start button pressed which led to the
closure of the TGA covering the ceiling samples in air-tight vacuum. The operation took 6 to 7
hours and the TGA later opened and the physical properties determined were displayed on the
screen as shown below.

TGA

Computer used to mark the
ceiling board

Figure 10: Thermos gravimetric analyzer
5. Setting up the testing apparatus
The fourteen samples were tested for their both tensile and flexural strength and the tests were carried out
by mechanical laboratory (materials testing machines). Material laboratory) using
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Universal Testing Machine 100 KN (Testometric)

Figure 11 Universal tensile machine

CHAPTER 4. RESULTS AND DISCUSSION
4.1 Requirements
In product design, product has to meet mainly both user (reduction of plastic waste in environment,
affordable ceiling board, environmentally friendly, better look, easy painting, heat resistant) and
product requirement (availability of raw material with heat resistance,adhesion property for raw
materials, production process that is environment friendly and cost effective production process.
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4.2 Design specification
Mold

Figure 12: Stucco in the mold
As shown in Figure 14 above, the mold is provided to give a required shape of the ceiling board.
For this project, the shape required is rectangular shape with the size of 200×90×11.9 mm.
Stucco
Stucco is formed by rice husks and the melted shred plastics mixture and is poured into
the mold to obtain a determined shape and let it dried to obtain the required ceiling board.
4.3. Fabrication of prototype
After molds fabrication and forming stucco with different percentage of plastic and rice husks
quantity, the stucco was poured in the mold and let the mixtures dry for 2 hours. Finally remove
the molds.

21

4.4. Validation and testing
4.4.1 Physical properties
Table 3: mass density of the ceiling boards
Ru Rice
hus
n
ks
(%)

PET( Rice
husks
%)
length(
mm)

wid
th

length(
mm)

Thickness( mass(
mm)
Kg)

Volume( density(K
m3)
g/m3 )

(m
m)

B1

25

75

2.36

90

200

11.9

0.156

0.00021

734.463

B2

10

90

2.36

90

200

11.9

0.142

0.00021

668.55

B3

27.

72.5

2.36

90

200

11.9

0.144

0.00021

677.966

77.5

2.36

90

200

11.9

0.156

0.00021

734.463

5
B4

22.
5

B5

20

80

2.36

90

200

11.9

0.174

0.00021

819.209

B6

27.

72.5

1.18

90

200

11.9

0.152

0.00021

715.631

5
B7

20

80

1.18

90

200

11.9

0.168

0.00021

790.96

B8

22.

77.5

1.18

90

200

11.9

0.18

0.00021

847.458

5
B9

30

70

1.18

90

200

11.9

0.17

0.00021

800.377

B1

25

75

1.18

90

200

11.9

0.19

0.00021

894.539

15

85

1.18

90

200

11.9

0.156

0.00021

734.463

15

85

0.3

90

200

11.9

0.158

0.00021

743.879

B1

17.

82.5

0.3

90

200

11.9

0.148

0.00021

696.798

3

5

0
B1
1
B1
2
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B1

20

80

0.3

90

200

11.9

0.148

0.00021

696.798

4

The samples with the same size of 200×90×11.9 mm equivalent to 212.400 cm3 there mass densities were
calculated to be respectively using the formula below.
𝑴𝒂𝒔𝒔 𝒅𝒆𝒏𝒔𝒊𝒕𝒚(𝒈𝒓𝒂𝒎/𝒄𝒎𝟑 ) = 𝒎𝒂𝒔𝒔(𝒈𝒓𝒂𝒎𝒔) /𝒗𝒐𝒍𝒖𝒎𝒆 (𝒄𝒎𝟑)

Where volume of the samples were 214.400 cm3

Thermos gravimetric analyser results
The following table shows the raw data for thermogravimetric analyser results include the moisture
content, volatile matter, analytical ash and fixed carbon in all samples.

Table 4: Thermos gravimetric analyzer results
%Fixed
carbon
%Volatile %Analytical in
Sample %Moisture matter
ash
sample
B1

2.4209

80.5486

3.0639 13.9665

B2

1.4697

86.1354

1.9613 10.4336

B3

1.7863

71.8274

6.455 19.9312

B4

1.7277

77.1486

4.6038 16.5199

B5

1.5245

78.3346

4.1877 15.9533

B6

1.7926

74.5019

5.9008 17.8047
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B7

1.6472

79.7897

3.6329 14.9302

B8

1.6699

80.0549

4.0981 14.1771

B9

1.7261

75.3597

6.2521 16.6621

B10

1.8061

79.2249

4.1915 14.7775

B11

1.1242

77.3013

4.3057 17.2687

B12

1.9021

83.6047

3.6371 10.8561

B13

1.596

77.464

B14

1.4697

81.0747

5.253

15.687

6.253 19.0396

The graph below shows the analytical ash, moisture content, volatile matter and fixed carbon in

Figure 13: ash-moisture-carbon content in sample
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Figure 14: Thermos gravimetric analyser graph
The above TGA results represents the changes in weight of the ceiling boards with increasing
temperature all developed ceiling boards show a slightly decrease in weight from 26◦C to 105 ◦C
owing to addition of oxygen-nitrogen (igniter) gas. The composite ceiling boards with 2.36mm of
crushed rice husks degraded at lower temperature than the ones of 1.18mm and 300MIC.
The ceiling board samples with higher percentage of PET degraded first than the one with lower
percentages of PET.
Most of the developed ceiling boards weight loss became constant over 600◦C indicating formation
of carbonaceous of residues which acts as an insulation layer against further degradation
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4.4.2. Mechanical properties
Flexure strength
The flexural strength of the three samples determined in experiment carried out in Building and
Construction material laboratory which is the ability of a material to resist bending.
The flexural strength can be calculated using the following formula:

𝑭𝒍𝒆𝒙𝒖𝒓𝒂𝒍 𝒔𝒕𝒓𝒆𝒏𝒈𝒕𝒉 (𝑭𝒔) = 𝟑𝑭𝑳 /2BT2

Where F: Failure load
L: effective span
B: width of the sample
T: Thickness of the sample
Table 5: flexural table
Sample Young
modulus(Pa)

Yield
force(N)

B1

0.071

51

B2

0.082

43

B3

0.095

38

B4

0.089

41

B5

0.047

13

B6

0.177

213

B7

0.277

280

B8

0.495

378

B9

3.566

115
26

B10

0.277

254

B11

0.57

180

B12

0.52

162

The results of the experiment showed that the sample B9 with Plastic-Rice husks ratio of rice husks
(30%) and PET (70%) with 1.18mm particle size has the higher flexural strength compared to other
samples because it has stronger intermolecular force.
The difference is that from B1 to B4 sample is more brittle than other sample because it contains
more PET and the B5 sample have weaker intermolecular force due to fewer amount of rice husks.

27

Yield force is the force corresponding to yield point at which the ceiling board begins to deform
plastically(breaking)
From the above figure yield results sample B8 (22.5% rice husks and 77.5% PET with 1.18mm
size particle) has higher both peak and yield forces because it has higher intermolecular forces The
difference is that from B1 to B4 sample is more brittle than other sample because it contains more
PET and the B5 sample have weaker intermolecular force due to fewer amount of rice husks.
At particle size of 1.18mm has higher yield force than 2.36mm and 300MIC
Tensile strength result
Table 6: tensile strength result
Sample

Yield force(
N)

Yield
stress(MPa)

Peak
(N)

force Peak
stress(MPa)

Elongation
(mm)

B1

36

0.151

47

0.197

4

B2

38

0.17

66

0.272

1

B3

54

0.227

89

0.373

4

B4

52

0.217

55

0.225

1

B5

43

0.181

79

0.331

1

B6

38

0.16

65

0.273

1
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B7

52

0.218

54

0.226

1

B8

109

0.458

119

0.5

4

B9

35

0.147

58

0.243

2

B10

47

0.197

75

0.315

1

B11

46

0.196

75

0.314

2

B12

43

0.181

79

0.331

1

B13

38

0.17

66

0.272

1

B14

35

0.147

57

0.242

2

Yield force is the force corresponding to yield point at which the ceiling board begins to deform
plastically(breaking)
From the above figure (peak and yield results) sample B8 (22.5% rice husks and 77.5% PET with
1.18mm size particle) has higher both peak and yield forces because it has higher intermolecular forces
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At particle size of 1.18mm has higher peak and yield force than 2.36mm and 300MIC

Yield strength is the stress a material can withstand without permanent deformation
Peak stress is the maximum stress of the ceiling boards before fractural. From the above figure (peak
and yield results) sample B8 (22.5% rice husks and 77.5% PET with 1.18mm size particle) has
higher both peak and yield stress because it has higher intermolecular forces
At particle size of 1.18mm has higher peak and yield stress than 2.36mm and 300MIC
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WATER ABSORPTION
Water Absorption Raw rice husks exhibited higher water absorption capabilities (9.1–11.2%) than
modified rice husks (5.6–5.89%) (see Fig. 3). Specifically, raw K85 and K98 rice husks had
11.2% and 9.1% water absorption capabilities respectively. Modification of K85 and K98 rice
husks with PET reduced water absorption capabilities by 47.4% and 38.5% respectively. Similar
reductions in water absorption in rice husks were obtained with alkali modification by Yiga et al.
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(2020a). The reduction in water absorption capabilities is because alkali pre-treatment leads to
removal of hemicelluloses, reducing the bonding sites and gradually compressing the lumen
structure of the rice husks (Ridzuan et al. 2016). As such, knowing that polymer matrix materials
like PET matrix material are more hydrophobic than rice husks, use of alkali-modified rice husks
as reinforcement in fibre-reinforced polymer composites makes them more hydrophobic in nature.
Water absorption of reinforcement material enhances the moisture content of overall developed
fibres-reinforced polymer composites. This is disadvantageous because high moisture content
Materials Circular Economy (2021) 3:16 1 3 16 Page 4 of 8 creates poor stress transfer
efficiencies, which reduces mechanical properties of such composites (Ismail et al. 2001). It
follows therefore that fiber-reinforced polymer composites reinforced with raw rice husks are
more likely to absorb moisture compared to alkali-modified rice husk fibre-reinforced polymer
composites (Wu et al. 2020; Tran et al. 2014). The latter is likely to attain better mechanical
properties
The results water absorption rate are shown in the above Figure respectively. The bio composite
polymers produced using 5% Robusta coffee husks as filler material had the highest water
absorption percentage. Lignocellulosic fillers have been reported to absorb moisture even when in
a plastic medium (Yang et al., 2006). The low water absorption of the pure HDPE sample can be
attributed to the hydrophobic nature of the polymer (HDPE). The bio composite polymers formed
with 5% wit 9 rice husks had low water absorption due to the hydrophobic nature of the silica
contained within the rice husks. When compared with wood-based composites however, the
amount of water absorbed is so low and negligible (Yang et al., 2006
Water absorption percentage of the composite polymers Journal of Engineering in Agriculture and
the Environment. Volume 5. N o1. 2019 69 the results for elongation at break and tensile strength.

4.5 EIA analysis
The aim of this project was development of composite plastic waste ceiling board. And once this
project is implemented it will have a positive impact on environment and community, where plastic
wastes in the environment will be reduced that will lead to reduction of air pollution and soil
degradation.
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Furthermore, Plastic-rice husks binded ceiling board will be affordable since its cost is lower than
other types of ceiling boards, it will also provide jobs to different people and no impact on
community health because rice husks and plastics do not heavy metals. Not only community but
also public will benefit from it, where money spent in plastic waste management will be reduced.

Chapter 5. Conclusion and Recommendations
5.1 Conclusion
Plastics are the most useful materials in the 21st century because they are available in wide range of
varieties, and their availability to form complex geometry make them a vital asset for humanity.
However, the unlimited uses of the plastics are associated with the potential problems, primarily
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many kinds of plastics are non-biodegradable which pollute the environment and can affect human
health. Many recycling techniques have been attempted but they have not been able to recycle all
types of plastics available in the environment. Based on the results obtained for the rice husksplastics ceiling board the ceiling boards with 1.18mm particle size are the one have the good strength
and density than 2.36mm and 300MIC.
Based on the results it shows that when the rice husks are more than 25% the strength start
decreasing means that the better ratio of rice husks is raging between 20% and 25% for better ceiling
board. This study concludes the fact that low cost composite ceiling boards can be made from
agricultural waste materials (rice husk) and plastic waste which are considered and treated as waste
materials crying for disposal. This composite material compares favorably with other commercially
available ceiling board materials. This study has equally shown that waste materials can be recycled
into other materials which can still be useful to man thereby protecting the environment to an extent,
from waste disposal challenges.

In addition, the Plastic-rice husks binded ceiling board will contribute to significant reduction of
plastic wastes dumped in the environment and provide jobs to the community. Therefore, the
recycling of plastics as ceiling material to form Plastic-rice husks binded ceiling board can be an
effective solution.
5.2 Recommendations
 It is highly recommended that production factories for composite ceiling boards be
established as part of the entrepreneurship development programs of our higher institutions
creating jobs for both skilled and unskilled personnel in the midst of locally available raw
materials.
 Based on the strength of the produced Plastic-rice husks binded ceiling board, it cannot only
be used in ceiling applications but also wall board applications.
 Future researchers who will interested to conduct a follow up research on this particular
project should aim to optimize the density and strength ceiling board. That will allow them
to determine the optimum plastics usage and enhance lighter weight ceiling board. Future
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researchers will need to carry out many tests that this study do not include such as water and
fire resistance ability of the Plastic-rice husks binded ceiling board.

 The Makerere University should provide sufficient time to the student to conduct their
research
 The government of Uganda should provide policy that help in local industries in importing
the machines (shredding machine) and that will encourage the local entrepreneurs and
industries to adopt this technology
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